Introduction
The Division of Energy and Minerals, Bureau of Indian Affairs, began a energy and mineral resources program of the Ute Mountain Ute Indian Reservation at the request of the Tribe. As part of that program, the U.S. Geological Survey studied the heavy-mineral deposits that occur on the Reservation. This report summarizes the results of chemical analyses of samples collected from the deposits.
Heavy-mineral deposits were discovered in and around the San Juan Basin in the mid 1950's by airborne radiometric surveys flown by the U.S. Atomic Energy Commission. Early interest in these deposits focused on uranium; however zircon, niobium, and gold were included in later studies. Most of these deposits occur in the Upper Cretaceous Point Lookout Sandstone. The Ute Mountain Ute Indian Reservation ( fig. 1 ) in southwestern Colorado and northwestern New Mexico contains the largest grouping of these deposits within the basin.
The heavy-mineral deposits on the Ute Mountain Ute Reservation are dominantly a rutile and zircon concentration in a diagenetic ferric oxide matrix. All deposits are beach placers in a foreshore environment which represents the upper Point Lookout Sandstone.
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Locations of Deposits
The locations of most deposits were first described in a series of Atomic Energy Commission Preliminary Reconnaissance Reports (Dow and Batty, 1961) . These reports served as a basic reference in most of the later publications including the general location of each deposit and the related airborne anomaly (AA) number. This report follows the same airborne anomaly number sequence. The deposits were located using maps and descriptions in previous publications (Dow and Batty, 1961; Houston and Murphy, 1977) , air photos, and scintillometer traverses. Most, but not all, of the previously identified anomalies were found. All located heavy-mineral deposits are in the central and southeastern part of the Reservation ( fig. 2 ) in the Point Lookout Sandstone. They invariably occur at the top of the Point Lookout, which forms prominent cliffs or outcrops. The deposits, which are better cemented than the surrounding sandstone, form small knolls along the top of the Point Lookout. Figure 2 also shows the conspicuous northwest-southeast alignment of the deposits. This linear form reflects the paleoshoreline and is useful in locating deposits and inferring potential areas of buried deposits. Figure 2 shows only those deposits that cropout. Several airborne anomalies may be incorporated into one mapped deposit based on field mapping, depositional patterns, and inference across limited areas of cover. Because of the linear form of this type of deposit, some of the deposits may continue across covered areas. Generally, the deposits range from 3 to 5 feet in thickness and 75 to 200 feet in width. The length of a deposit ranges from 100 to 2000 feet.
Sampling and Analysis
Samples of the heavy-mineral deposits were collected and analyzed to identify the elements are present, particularly those that may have economic value. A complete reserve determination for heavy-mineral placer deposits requires very large samples, many samples per deposit, and drilling in covered areas to determine size of deposit. Such a sampling program was beyond the scope of this study.
All samples were collected from outcrops. The intent was to sample an area that would represent the deposit. In reality, many deposits have very limited outcrops. Generally, only the upper part of a deposit is exposed above a cover of colluvium or eolian sand. The relation of the outcrop to the rest of the deposit is unknown. The high degree of induration made representative sampling difficult. Commonly, only areas of increased fracturing and weathering, or less induration, were available for sampling. Because of these reasons, many of the samples are from or near the top of a deposit. Thus, no single sample should be assumed to represent a deposit. The samples as a group do characterize the heavy-mineral deposits. One or two 0.5-to 1.5-kg samples were taken from each deposit with the exceptions of airborne anomalies AA-10 and AA-17. These two areas were sampled more thoroughly because of better outcrop. Sampling for these two anomalies began in barren rock below and ended at the top of the deposit.
Each field sample was cut with rock saw for thin sections and whole rock specimens. A split of the remaining sample was pulverized (with ceramic shatterbox laboratory mill to -200 mesh) for instrumental neutron activation analysis (INAA) and Xray fluorescence analysis (XRF). Pulverized samples were split using a mechanical splitter: one split was for INAA, and one split was pressed into pellets for XRF analysis.
Bondar for some elements because: 1) particle sparsity caused a difference in composition of the sample splits and 2) detection limits and precision of the amounts of some elements are affected by the relative abundance of other elements (such as iron, titanium, and zirconium). Data shown in appendix 1 are reported as received and are not rounded to significant numbers.
Description of Analytical Methods
Instrumental Neutron Activation Analysis (INAA)
The INAA technique is well summarized in an article by Baedecker and McKowen (1987) :
"Instrumental activation analysis with thermal neutrons (INAA) is a versatile technique for elemental analysis because it has a high sensitivity for many elements, *** provides precise data for many major, minor, and trace elements in a single sample aliquant without chemical treatment. *** The method is based on the irradiation of samples and standards in a reactor neutron flux and the measurement of the induced radioactivity using high resolution gamma-ray spectrometry. The technique has a sensitivity ranging from 0.1 to 10 parts per million for a wide range of elements including many of the first row transition elements, rare earths, alkali, and alkaline earths."
The lower detection limits for INAA are listed in appendix 2. These limits are under ideal conditions. Sample composition, preparation, and relative elemental concentrations all affect the detection limits. High concentrations of an element such as iron also have an affect on the detection limits and accuracy. It should be noted that gold in this analysis has a sensitivity of 2 ppb.
The Bondar-Clegg staff believes that samples with relatively high levels of Fe (>5percent) have higher detection limits and slightly lower the accuracy for some elements. In general, they expect the values for the elements in high-Fe samples to have a precision of plus or minus 20 percent.
Because the purpose of the analysis is to indicate the higher (i.e., potentially economic) elemental abundances, errors in the detection level are of minor importance. Errors of as much as 20 percent will still show concentration trends. Further confirmation of the abundance of an element can be made by comparing the INAA results with the X-ray fluorescence analyses.
Energy Dispersive X-ray Fluorescence (XRF) XRF analysis uses a radioactive source to irradiate a sample. In this study, both Cd and 55 Fe sources were used. A summary of this method by Johnson and King (1987) follows: "X-ray fluorescence analysis entails the excitation of X-rays within a sample and their subsequent detection and measurement. ***During sample irradiation, inner shell electrons of the elements in the sample absorb specific X-ray photons and are ejected from the atom. Rearrangement of the remaining electrons to fill these vacancies causes the emission of so-called fluorescent X-rays, whose energies are characteristic of the elements from which they originate. ***X-rays emitted by the sample are absorbed in the detector, which acts as a diode in converting these incident X-rays to electronic pulses whose amplitudes are proportional to the energies of the corresponding X-rays. Pulses then are processed and sorted according to amplitude: ***The intensity, or number of counts in a peak, is a direct result of the number of fluorescing atoms of that element in the sample; thus, the area under a peak is proportional to the concentration of that element in the sample."
The minimum detection limits for XRF are listed in appendix 3. These limits were determined under ideal conditions. Sample composition, preparation, and relative elemental concentrations all affect the detection limits. Like INAA, high concentrations of an element such as iron also affect the detection limits and accuracy. Ta (PPM, NA 1 XRF Fe data values > 30 PCT could not be calculated with available standards APPENDIX 1: Chemical data from neutron activation and X-ray fluorescence analysis of selected whole rock samples^-Continued [NA, neutron activation; XRF, X-ray fluorescence; PCT, percent; PPM, parts per million; PPB, parts per billion; <, below detection limit; , no data; Cd, Ir, Sm, and Te not detected; see text for discussion of techniques, comparability, and significant figures]
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Ag (PPM, NA) As (PPM, XRF) 
